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METHOD AND APPARATUS FOR LIPOSOME PFU)DUC1MON 
BACtCGROUND OF THE INVENTION 
Technical Field 

The present invention relates to a formulation for the deliver)' of a variety of 
beneficial and/or therapeutic compounds by encapsulation within liposomes, and a 
machine of unique design for the controlled production of same. Specifically the 
invention relates to a precisely controlled metering system for the mixing of the two 
or more components of the liposomal preparations so that the various factors affecting 
the consistency, reproducibility and efficacy of the product may be monitored and 
controlled. The present invention also relates to a method and apparatus for the 
production of liposomal suspensions, emulsions, ointments and creams. 

Background 

Liposomes are lipid vesicles made of membrane-Iikc lipid hi layers separated 
by aqueous layers. Liposomes have been widely used to encapsulate biologically 
active agents for u.'je as drug carriers since water- or lipid-soUible substances may be 
entrapped within the aqueous layers or within the bil avers themselves. There arc 
nimicrous variables that can be adjusted to optimize this drug deliven,' system. These 
include, the number of lipid layers, size, surface charge, lipid composition and the 
methods of preparation. 

Liposomes have been utilized in numerous pharmaceutical applications, 
including injectable, inhalation, oral and topical formulations, and provide advmitaces 
such as controlled or sustained release, enlianced drug dclivcr>% and reduced systemic 
side effects as a result of delivery localization. 

Materials ai^d procedures for forming liposomes are well-known to those 
skilled in the art and will only be briefly described herein. Upon dispersion in an 
appropriate medium, a wide variety of phospholipids swell, hydrate and form 
multilamellar concentric bilayer vesicles with layers of aqueous media separating the 
lipid bilayers. These systems are referred to as multilamellar liposomes or 
multilamellar lipid vesicles ("MLVs") and have diameters within the range of 10 nm 
to lOO.Lim. These MLVs were first described by Bangham, et al.,^ Mol. Biol. 
13:238-252 (1965). In general, lipids or lipophilic substances are dissolved in an 
organic solvent. When the solvent is removed, such as under vacuum by rotary 
evaporation, the lipid residue forms a film on the wall of the container. An aqueous 
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solution that typically contains elecLrolyies or hydrophilic biologically active 
materials is then added to the film. Large MLVs are produced upon agitation. M'Tien 
smaller MLVs are desired, the larger vesicles are subjected to sonication, sequential 
filtration through filters with decreasing pore size or reduced by other forms of 
mechanical sliearing. There are also techniques by which MLVs can he reduced both 
in size and in number of lamellae, for example, by pressurized extrusion (Barenholz» 
et al., FEBSLett 99:210-214 (1979)). 

Liposomes can also take the form of unilamellar vesicles, which are prepared 
by more extensive sonication of MLVs, and consist of a single spherical lipid bilayer 
surrounding an aqueous solution. Unilamellar vesicles ("ULVs") can be small, having 
diameters within the range of 20 to 200nm, while larger ULVs can have diameters 
within the range of 200nm to 2^m. There are several well-known techniques for 
making unilamellar vesicles. In Papahadjopoulos, et al., Biochlm et Biophys Ada 
135:624-238 (1968), sonication of an aqueous dispersion of phospholipids produces 
small ULVs having a lipid bilayer surrounding an aqueous solution. Schneider, US 
Patent 4,089,801 describes the formation of liposome precursors by ullrasonication, 
followed by the addition of an aqueous medium containing amphiphilic compounds 
and ccntriftigation to form a biomolccular lipid layer system. 

Small ULVs can also be prepared by the ethanol injection technique described 
by Batzri, et al., Biochlm c( Biophys Acta 298:1015-1019 (1973) and the ether 
injection technique of Deamer. et al., Biochim et Biophys Acta 443:629-634 (1976). 
These methods involve the rapid injection of an organic solution of lipids into a buffer 
solution, which results in the rapid formation of unilamellar liposomes. Anotlier 
technique for making ULVs is taught by Weder, et al. in "Liposome Technology", ed. 
G. Grcgoriadis, CRC Press Inc., Boca Raton, Florida, Vol. I, Chapter 7, pg. 79 -107 
(1984). This detergent removal method involves solubiiizing the lipids and additives 
with detergents by agitation or sonication to produce the desired vesicles. 

Papahadjopoulos, et al., US Patent 4,235,871, describes the preparation of 
large ULVs by a reverse phase evaporation technique that involves the formation of a 
water-in-oil emulsion of lipids in an organic solvent and the drug to be encapsulated 
in an aqueous buffer solution. The organic solvent is removed under pressure to yield 
a mixture which, upon agitation or dispersion in an aqueous media, is converted to 
large ULVs. Suziild et al., US Patent No. 4,01 6,1 00, describes another method of 
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encapsuhuing agents in uniianiellar vesicles by freezing/thawing an aqueous 
phospholipid dispersion of the agent and lipids. 

In addition to the MLVs and ULVs, liposomes can also be multivesicular. 
Described in Kim, et al., Biochim et Biophys Acta 728:339-348 (1983), these 
muUivesicuIar liposomes are spherical and contain internal f;ranuUir structure.q. I he 
outer membrane is a lipid bilayer and the internal region contains small companments 
separated by bilayer septum. Still yet another type of liposomes are oligolamellar 
vesicles ("OLVs"), which have a large center compartment surrounded by several 
peripheral lipid layers. These vesicles, having a diameter of 2-15j.m-i, are described in 
Callo, ei lU., Cryobiology 22(3):25 1-267 (1985). 

Mezei, et al., US Patent Nos. 4,485,054 and 4,76 K2K8 also describe methods 
of preparing lipid vesicles. More recently, I Isu, US Patent No. 5,653,996 describes a 
method of preparing liposomes utilizing acrosoiization and Yioumas, et al., US Patent 
No. 5,013,497 describes a method for preparing liposomes utilizing a high velocity- 
shear mixing chamber. Methods are also described that use specific starting materials 
to produce ULVs (Wallach, et al., US Patent No. 4,853,228) or OLVs (Wallach, US 
Patent Nos. 5,474,848 and 5,628,936). 

A comprehensive reviev^ of all the aforementioned lipid vesicles and methods 
for their preparation are described in "Liposome Technology", ed. G. Gregoriadis, 
CRC Press Inc., Boca Raton, Florida, Vol. T, Tl & HI (1984). Tliis and the 
aforementioned references describing various lipid vesicles suitable for use in the 
invention are incorporated herein by reference. 

Current methods of manufacturing liposomes are typically batch processes. 
Attempts at large scale or continuous manufacturing have largely been unsuccessful, 
primarily due to the problems associated with mixing an aqueous liquid phase with 
the lipid phase and the need to maintain the lipid phase at a relatively constant 
temperature. 

Accordingly, there is a need for an improved method for the production of 
liposomes, preferably one that can produce liposomes in a continuous fashion rather 
than by batch methods, without the variations and uncontrolled differences which 
make large scale production of liposomal preparations problematic. In addition, there 
is a need for an improved metliod and apparauis for producing other liquid 
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coniposilions, including but not limited to emulsions, ointments and creams . Those 
needs are met by the instant invention. 

SUMMARY OF THE INVENTION 

The present invention relates to a method for the continuous production of a 
composition of matter, such as lipid vesicles, by in-line mixing, said metliod 
comprising: (a) preparing a first phase, such as a lipid phase, and storing the lipid 
phase in a first storage means that is maintained at a set temperature; (b) preparing a 
second phase, such as an aqueous phase» and storing the aqueous phase in a second 
storage means that is maintained at a set temperature; (c) combining the lipid and 
aqueous phases by means of a mixing device having first and second metering 
systems, a pre-mixing system and a mixer, such as a static nuxer, by: transferring the 
lipid phase from the first storage means to the fust metering system by a first 
pressurized transfer means and transferring the aqueous phase irom the second 
storage means to the second metering system by a second pressurized transfer means; 
transfening the lipid phase from the first metering system to a first inlet orifice in the 
pre-mixing system by a third pressurized transfer means and transferring the aqueous 
phase from the second metering system to a second inlet orifice in the pre-mixing 
system by a fourth pressurized transfer means; wherein the lipid phase and aqueous 
phases are transferred to the pre-mixing system with a high velocity creating turbulent 
flow; combining the lipid and aqueous phases in the pre-mixing system by shear 
mixing under conditions to insure that the lipid phase becomes fully hydrated by the 
aqueous phase to form a pre-mixed formulation; and transferring the pre-mixed 
formulation from an outlet orifice of the pre-mixing system to the mixer, such as by a 
fifth pressurized transfer means or other suitable connection or fitting; (d) forming a 
mixed formulation comprising lipid vesicles, in the mixer by causing the pre-mixed 
formulation to traverse the mixer; (e) optionally measuring the optical properties of 
the lipid vesicles; and (0 dispensing the mixed formulation from the mixer into a 
storage chamber, into a means for fiirtlier modification of the properties of the lipid 
vesicles, or into a means of packaging the mixed formulation. 

In a second aspect, the invention relates to lipid vesicles and otlier 
compositions of matter produced by the method of the invention. 

In yet another aspect, the invention pertains to a method of producing 
compositions such as lipid vesicles using an in-line mixing system, where an active 



o o 



wo 00/29103 PCT/US99/26738 
agent is encapsulated in either the aqueous core of the Hpid vesicles, wnthin the lipid 
bilayer of the lipid vesicles, or both, in still another aspect, the invention relates to 
lipid vesicle encapsulated active agents produced by the method of the invention. 

Another aspect of the invention pertains to an apparatus for the continuous 
production of a composition of matter sucli as lipid vesicles by in-line mixing, said 
apparatus comprising: (a) a first phase, such as a lipid phase, storage means capable of 
being maintained at a set temperature and a first pressurized transfer means for 
transferring the lipid phase from the stoi^ge means; (b) a second phase, such as an 
aqueous phase, storage means capable of being maintained at a set temperature and a 
second pressurized transfer means for transferring the aqueous phase from the storage 
means; (c) a mixing device comprising: a first metering system for receiving the lipid 
phase from the first pressurized transfer means; a second metering system for 
receiving the aqueous phase from the second pressurized transfer means; a pre-mixing 
system for preparing a pre-mixed formulation, having a pre-mixing chamber; a third 
pressurized transfer means for transferring the lipid phase from the first metering 
S3'stem to a first inlet orifice in the pre-mixing system and a fourth pressuri7:cd 
transfer means for transferring the aqueous phase from the second metering system to 
a second inlet orifice in the pre-mixing system; a mixer, such as a static mixer, for 
preparing a mixed formulation comprising lipid vesicles, having a mixing chamber 
ajid an optional means for dctemiining the optical properties of the mixed 
fonnulalion; a fifth pressurized transfer means or other suitable connection or fitting 
for transferring the pre-mixed formulation from the outlet orifice of the pre-mixing 
system to the mixing chamber; and an optional means for applying ultrasonic energy 
to the pre-mixing chaml^er, the mixing chamber or both of said chambers; and (d) a 
dispensing means for transferring the mixed formulation from the mixing chamber 
into a storage chamber, or into a means for fiirther modification of the properties of 
tlie lipid vesicles or into a means of packaging the mixed formulation. 

In another aspect, the invention relates to liposomes produced by the apparatus 
of the invention. 

Still another aspect of the invention relates to the use of the method and 
apparatus described herein for the manufacture of emulsions, tind the emulsions 
produced thereby. 
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BRIEF DESCRIP TION OF THR DRAWINGS 

5 

Fig. 1 is a schematic illustraiion of Ihe invention. 
Fig. 2 is cut-away side view of one embodiment of the invention. 
Fig. 3 is a top view of the embodiment shown in Fig. 2. 
fO 5 Fig. 4 illustrates one embodiment of the metering system of the invention. 

Fig. 5 is a cross-sectional view of a metering pump, taken along line 5-5 of 

Fig- 4. 

Fig. 6 iliustratcs one embodiment of a manifold. 

Fig. 7 is a cross-sectional view of a manifold, taken along line 7-7 of Fig. 6. 
10 Fig. 8 is a cross-sectional view of a manifold, taken along line 8-8 of Fig. 7. 

Fig. 9 is cut-away side view of another embodiment of the invention. 
2Q Fig. 10 is a lop view of the embodiment shown in Fig. 9. 

Fig. 11 is a partial cross-section of one embodiment of the pre-mixer system. 

Fig.' 1 2 illu.strates another embodiment of a manifold. 
15 Fig. 13 illustrates the rear view of the manifold of Fig. 12. 

Fig. 14 illustrates the front view of a precise metering pump tliat engages the 
manifold of Fig. 12. 

Fig. 15 is a cross-sectional view of a manifold, taken along line 15-15 of Fig. 

12. 

30 

20 Fig. 16 is a cross-sectional view of a manifold, taken along line 16-16 of Fig. 
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Fig. 17 is a cross-sectional view of a manifold, taken along line 17-17 of Fig, 



Figs. 1 8 and 19 illustrate control panels for the invention. 
25 Fig. 20 illustrates tlie bottom view of a power distribution module. 

DESCRIPTION OF THE INVENTION 
The apparatus and method of the instant invention permits the flexible 
adaptation of a number of methods of production of lipid vesicles and other 
compositions of matter in a small space with a single device that can utilize a variety 
45 30 of production methodologies and techniques as dictated by the particuhu- requirements 

of the product fommla, any active agent to be incorporated into the composition and 
the application for which the final product is intended. For purposes of illustration 
only, the method and apparatus of the invention will be described for the production 
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^ of lipid vesicles. Mowcver, the product and other compositions such as emulsions, 

ointments and creams are also conicmpiated by the invention. 

Typically, an active agent is encapsulated in either the aqueous core of 
liposomes, witliin the lipid bihiyer of the liposomes, or both, by dissolving or 
^0 5 dispersing the agent in a lipid-containing organic solvent. However, the invention 

also contemplates the manufacture of lipid vesicles that do not contain any active 
agents. Such empty liposomes are currently used in cosmetic preparations and may 
be required as placebo material in clinical trials of therapeutic formulations. As used 
herein, the term "active agent" incliidcs biologically active agents and is used to mean 
10 any molecule that acts as a beneficial or therapeutic compound, when administered to 
an animal, such that it prevents or alleviates a disease, arrests or alleviates a disease 
20 state or treats a disease in an animal, particularly a mammal, more particularly a 

human, and includes: preventing the disease from occurring in a subject which may be 
predisposed to the disease but has not yet been diagnosed as having it; inhibiting the 
15 disease, i.e. arresting its development; or relieving the disease, i.e. causing regression 

25 

of the disease. Examples of active agents include by means of illustration and not 
limitation, ant i- inflammatory agents; anti-cancer and anti-tumor agents; anti-microbial 
and anti-viral agents, including antibiotics; anti-parasitic agents; vasodilators; 
20 bronchodilalors, anti-allcrgic and anti-asthmatic agents; peptides, proteins, 

20 glycoproteins, and lipoproteins; carbohydrates; receptors; growth factors; hormones 
and steroids; neurotransmitters; analgesics and anesthetics: narcotics; catalysts and 
enzymes; vaccines; genetic material such as DNA. 

Although the products of the invention are particularly well suited for 
pharmaceutical use, they are not limited to that application, and may be designed for 
25 food iLse, agricultural use, for imaging applications, and so forth. Accordingly, the 
term "active agent" is more broadly used to mean any chemical or material that is 
desired to be applied, administered or used in a liposome formulation, and can 
include, by way of illustration and not limitation, pesticides, herbicides, cosmetic 
agents and perfumes, food supplements including vitamins and minerals, flavorings, 
"^^ 30 and oiher food additives, imaging agents, dyes, fluorescent markers, radiolabels, 

plasmids, vectors, viral particles, toxins, catalysts, and so forth. Tlie term "payload" is 
used herein to include active agents as defined above, along with any other 
ingredients that may be desirable to add to the product such as, by way of illustration 
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and not limitation, diagnostic markers including radiolabcls. dyes, chemiUiminescenl 
and fluorescent markers; contrasting media; imaging aids; and so forth. The payload 
can be a solid, liquid or gas. 

Numerous phospholipids are useful in the manufacture of lipid vesicles, 
particuhirly those selected from the group consisting of phosphatidyl chlolines, 
lysophosphatidyl chloiines, phosphatidyl serines, phosphatidyl ethanolamines, and 
phosphatidyl inositols. Particularly suitable phospholipids are namral phospholipids 
such as soybean oil based phospholipids, for example the phosphatidylcholines, 
Phospholipon*'90H, 80H, 90G and 80G (American Lecitliin Company, Oxford, 
Connecticut), and Lccinol (Nikken). The phospholipid can be modified using a 
niodifying agent such as a cholesterol, stearylamine or tocopherol. The solvent is 
then evaporated, usually under reduced pressure, to yield a thin lipid film containing 
the active agent. The lipid film is then hydratcd, with agitation, using an aqueous 
phase containing any desired electrolytes and lipid vesicles containing the active 
agent are produced. 

The invention relates to a method and apparatus that produces a vcr\' 
consistent reproducible, continuous and continuously variable output stream 
composed of liposomes in the form of multilamellar lipid vesicles ("MLVs"), 
unilamellar lipid vesicles ("ULVs") or oligolamellar vesicles ("OLVs") containing 
encapsulated active agents. As used herein, (he terms "liposome" and lipid vesicle" 
are used interchangeably and arc intended to include MLVs, ULVs and OLVs. The 
design of the equipment described herein is intended lo allow constant monitoring of 
various factors that affect the size, distribution, stiiicturc, number and drug 
encapsulating efficiency of the vesicles so produced. The methods and embodiments 
described herein are typically capable of producing liposomal fomiulation at (he rate 
of about 10 to 200 liters/liour, preferably 25 lo 100 liters/liour. It is understood that 
these rates are merely illustrative of the rates attainable by the method and apparatus 
described herein. Lower rates may be desirable under certain circumstances, and 
higher rates may be attainable by standard optimization techniques, as are well known 
in the art, both of which arc encompassed by the invention. 

MLVs, ULVs and OLVs produced by state of the art methods tend lo include 
a broad distribution of sizes and shapes as well as a broad range of payload volumes. 
Frequently, liposomal preparations include a substantial proportion of non-payload 
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carrying vesicles. The invenlion consists of several iruiovaiions intended to 
consistently and controllably monitor and optimize the production of payload canying 
MLVs, ULVs and OLYs, i.e., provides for higher encapsulation efficiency ihim state 
of the art metliods with ver>' reproducible results. 

The instant invention pertain to an apparatus useful for the continuous 
production of a composition of matter by in-line mixing. In one embodiment of the 
invention, the apparaUis comprises a first phase storage mccins capable of being 
maintained at a set temperature and a first pressurized transfer means for transferring 
the first phase from the storage means, along with an second phase storage means 
capable of being maintained at a set temperature and a second pressurized transfer 
means for transferring the second phase from the storage means. In a preferrt^d 
embodiment, the first phase is a lipid phase (optionally containing an active ayent) 
and the .second phase is an aqueous phase. The lipid phase storage means is capable 
of being maintained at a set temperature by a first temperature control means, 
typically within the range of about 20 to IS^'C. Similarly, the aqueous phase storage 
means is capable of being maintained at a set temperature by a second temperature 
control means, typically within the range of about 20 to 75"C. In one embodiment of 
the invention, the lipid phase and aqueous phase storage means are equipped v^'ith a 
means for continuously replenishing the lipid and aqueous phases. In this manner, the 
storage means function as a tempernUire stabilization means such that the lipid and 
aqueous phases are continuously fed into the storage means, where the temperature of 
each phase is stabilized prior to introduction into pressurized transfer means that exits 
each respective storage vessel. 

The apparatus also has a mixing device thai comprises a first metering system 
for receiving the lipid phase from the first pressurized transfer means, a second 
metering system for receiving the aqueous phase from the second pressurized transfer 
means, a pre-mixing system for preparing a pre-mixed formulation, a third 
pressurized transfer means for transferring the lipid phase from the first metering 
system to a first inlet orifice in the pre-mixing system and a fourth pressurized 
transfer means for transferring the aqueous phase from the second metering system to 
a second inlet orifice in the pre-mixing system. The pre-mixing system comprises a 
pre-mixing chamber having a first and second inlet orifice. In one embodiment of the 
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invention, the pre-mixing system iiirther comprises a means for creating turbulence in 
the aqueous phase prior lo entr>' into the pre-mixing chamber. 

The apparatus also Jias a mixer such as a static mixer for preparing a mixed 
formulation comprising lipid vesicles, having a mixing chamber and an optional 
means for determining the optical properties of the mixed formulation, a fifth 
pressurized irzmsfer means for transferring the pre-mixed fonuulation from the outlet 
orifice of the pre-mixing system to the mixing chamber or other suitable connection 
or fitting; and an optional means for applying ultrasonic energy to the pre-mixing 
system, the mixing chamber or both. In a preferred embodiment, the optica! 
properties of the mixed formulations are measured, with the means for determining 
the optical properties of the mixed formulation being configured so as lo control tiie 
first and second temperature control means and the first and second metering s>'stems. 

Typically, the means for determining the optica! properties will be in the fonn 
of an optical detector that consists of a light source, such as an incandescent bulb, 
light emitting diode or other suitable light emitting apparatus, which is positioned on 
one side of a chamber with parallel transparent windows. A sensor such as a 
photocell, phototransistor or pholoresistor is positioned on the other side of the 
chamber, opposite the light source. The purpose of the optical detector is lo generate 
a signal or value, such as resistance or voltage, that wil! vary in linear fashion in 
correlation to the opacity, Iransluccncy or other optical properties of the product, 
which vary with time, temperature, concentration and How rates of the lipid and 
aqueous phase components. The signal thus derived, generated or measured, can then 
be used to activale transfer means, controls, pumps, motors, heaters, and so forth, 
through an interactive computer system, lo maintain, alter, or adjust the propenics of 
the product with greater precision. The signal can also be used to control and direct 
product flow to either a storage chamber, a meims for packaging or to a waste 
receptacle, if for example, the product failed to meet desired specifications. One 
embodiment of the optical detector might include a diode that emits UV light that is 
absorbed by a specific active agent. In this manner, when the active agent is detected, 
the product flow is directed to a means for packaging; if the active agent is absent or 
present in an unsuitable amount, the product flow can be directed to a waste 
receptacle or the operation can be stopped so as to permit evaluation and correction of 
any problems. 
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The apparaius and method of the invention pro\'ide for iipid phase and 
aqueous phase streams that are as pulse-less as possible and are maintained at a 
constant pressure. This is a achieved by the precise metering systems described 
herein, each of which is provided with a pump tliat operates under positive pressure 
and in such a manner so as to provide precise volumetric delivery. 

The mixer is preferably a static mixer, sucli as a laminar division type inline 
mixer. The mixer may have a means for controlling the temperature of the mixing 
chamber, which is typically within the range of about 20 to SOX. In addition, the 
mixer may also have a means for controlling the degree and rate of mixing within the 
mixing chamber. The mixing device of llie apparatus may also have a means for 
controlling the temperature within the open space of the mixing device, which is also 
typically within the range of about 20 to 80**C. 

Finally, the apparatus has a dispensing means for transferring the mixed 
fonnulation from the mixing chamber into a storage chamber. Tliis embodiment of 
the apparatus i.s particularly useful for the production of lipid vesicles, and more 
particularly multilamellar lipid vesicles. The apparatus of the invention is readily 
evaluated as to its particular suitability for manufacturing lipid vesicles having a pre- 
specified composition and configuration. Typically, two measurements are utilized to 
evaluate a method of manufacturing lipid vesicles: the encapsulated mass, the amount 
of encapsulated material/amnuni of lipid (vvt material/wt lipid); and the captured 
volume, the amount of encapsulated aqueous phase/amount of lipid in vesicle (vol. 
aqueous.'wt lipid). 

In another embodiment, the apparaius also has a means for homogenization or 
sonication, which is located between the dispensing means and the storage chamber. 
This latter embodiment is particularly useftil for the production of unilamellar lipid 
vesicles. 

The apparatus may also have additional storage means for additional liquid 
phases such as a second lipid phase, a pre-mixed lipid phase-aqueous phase mixture, 
and/or a pre-fomicd lipid vesicle phase. 

In operation, the apparatus of the invention typically operates under pressures 
within the range of about 10 to 90 psia, more commonly about 40-80 psia. It is 
understood that the apparatus and method of the invention are not necessarily 
operating under a constant pressure, and the actual pressure will vary among the 
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components of the apparatus. The fluid flow rate of the hpid phase is usually about 3- 

5 

200 cm /sec, more commonly 4 to 80 cm^/sec. The fluid flow rate of the aqueous 
phases is usually about 5-300 cmVsec, more commonly about 10 to 100 cmVsec. The 
fluid flow rate at the various stages of the process and wMthin the various components 
10 5 of the apparatus is determined by the initial flow rales, such that tiie flow rales of the 

lipid and aqueous phases remain constant and the flow rate of the mixed streams will 
be cumulative of the incoming lipid and aqueous rates. The fluid flow rate of the lipid 
phase is typically slower than that of the aqueous phase and will depend upon the 
desired composition of the product, i.e., the mixed formulation, but will usually be 
1 0 about 20-30% thai of the aqueous pliase. So. for example, for an aqueous fluid flow 
rate of about 20 cmVsec one may select a Hpid fluid flow rate of about 6 cmVsec, 
20 which will then provide for a combined phase flow rate of about 26 cm'*/sec. 

The dispensing means of the apparatus may have a means for controlling the 
rate at which the formulation is transferred from the mixing chamber into the storage 
1 5 chamber, which may be pan of a packaging machine. This rale controlling means 
maintains the rate at which the mi.Kcd formulation is transferred. 

In yet another preferred embodiment of the invention, each metering system 
contained within the apparatus has a precise metering pump and a manifold. Eiach 
pump and manifold has a plurality of inlet and outlet means, where each pump inlet 
20 means communicates with a manifold outlet means and each pump outlet means 
communicates with a mimifold inlet means, The manifold, along with having a 
plurality of inlet and outlet means, also has a manifold outlet oriflce and a manifold . 
3^ inlet orifice. In operation, the inlet orifice of a first manifold is in communication 

with the first pressurized transfer means and the outlet orifice of a first manifold is in 
25 communication with the third pressurized transfer means, the inlet orifice of a second 
manifold is in communication with the second pressurized transfer means and the 
outlet orifice of a second manifold is in communication wi th the fourth pressurized 
transfer means. The term "in communication with" is intended to mean connections 
such as: an inlet means that is configured so as to fit within an outlet means (or vice 
^5 30 versa), an inlet means that is positioned immediately adjacent to an outlet means, and 

an inlet means that is connected to an outlet means by pipes, tubing or other suitable 
conduit that permits fluid flow, and so forth. 
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^ The various embodiments of the method and apparatus of the invention are 

best understood with reference to the Figures. 

Fig. 1 is a schematic illustration of one embodiment of the apparatus of the 
invention for the production of compositions such as lipid vesicles, particularly 
10 5 MLVs, and also illustrates the method hy which the liposomal foiTnulation is 

produced. The apparatus 10 has individual means for storing each component of the 
formulation, each component being stored at a set temperature. The storage means 
are illustrated in Fig. 1 as vessels or reser\'oirs 12 and 14, which store the components 
of the formulation at specified temperatures, which are controlled by temperature 
10 controls 16 and 18. For exiimple, one vessel may contain the lipid or lipid like phase 
and the other vessel might contain an aqueous phase, cither one of which may contain 
20 one or more active agents or other payload. 

It is understood, however, that although only two vessels are illustrated, the 
invention is not limited to that number and any number of storage means can be used, 
15 and the actual number will vary depending upon the number of components in the 

fonmilaiion. For example, a third vessel or reservoir may be used to add an additional 
lipid phase component to the fonnulation. Such an additional lipid phase would be 
added, for example, to facilitate the incorporation of one or more different, separately 
encapsulated active ingredients, or another form of phospholipid with a higher or 
20 lower melting point which would alter the properties of the mixture and would be 

added concurrently witli, in advance of, or following the addition of tlie primar)' lipid 
pha.sc to the aqueous phase in the prc-mixing system by means of an additional 
metering pump and at a point where it could be introduced either before, after or 
concurrently witli the other streams. Similarly, an additional vessel (and metering 
25 pump) may be used to add a previously prepared two-phase mixture, for example, to 
incorporated a second or third active agent into the formulation, and would be added 
either concurrently vvith, in advance of, or following the addition of the primar>- lipid 
phase to the aqueous phase in the pre-mixing chamber. 

The storage means useftil in the method of the invention are typically vessels, 
'^5 30 reservoirs or tanks of any suitable configuration and can be made of any material that 

will withstand any temperature and pressure requirements and will not react with the 
components stored therein. Typical materials include, by way of illustration and not 
limitation, stainless steel, glass, suitable plastics, fiuoro|x>lymcrs, etc. The storage 
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^ means can be large enouuh lo store a sufiiciejU amount of ihc components so as lo 

enable production of a specified amount of formulaiion. On the other hand, the 
storage means 12 and 14 can function as mid-stream storage vessels that are 
continuously being replenished from an external source such as a larger vessel, not 
10 5 shown, as the components are being dispensed. In that manner, the amount of 

component stored within means 12 and 14 will remain relatively constant throughout 
the production cycle. The storage means may vary in size depending upon the 
individual needs of the process being run, however, they will typically hold from 0.5 
to 1 5 liters, preferably from 1 to 1 .5 liters, more preferably about 1 .5 liters for a 
10 system that is not being replenished from an external source, and from 0.5 to 10 liters, 
preferably from 1 to 5 liters, more preferably about 5 liters for a system that is being 
20 replenished from an external source. 

As indicated cibove, it is desirable to mainliun tlie components of the 
formulation at set temperatures, which are controlled by temperature controls 16 and 
15 18. These temperature controls can he commercially available discrete controllers as 

25 

may be obtained from Omega Engineering, Inc. (Stamford, CT), programs running on 
a computer, or ladder type time, flow controlled controllers, and so forth. 

The lipid and aqueous phases are typically maintained at a temperature within 
2Q range of 20-80°C. However, it may be desirable to maintain a slightly higher 

20 temperature for the lipid phase component. For example, a preferable range for the 
lipid phase might be about 55 to 65^*0, more preferably about 60"C, while the 
corresponding temperature for the aqueous phase component would be within the 
range of about 50 lo 60°C, more preferably about 55°C. The optimal temperature 
differential will be determined by the formulation itself and tlie desired product 
25 characteristics. 

Each component is delivered to the mixing device 20 by pressurized transfer 
means 22 and 24, each of which is fitted with a precise metering system 26 and 28 to 
control the amount of material transferred from the storage means lo the mixing 
device. Each metering system would typically comprise a pump, along xWth a 
30 manifold to control the pump output and input in order to eliminate any pressure 

pulsations of the component stream that would interfere with the precise mixing ratios 
needed for consisleni product quality'. 
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^ The mixing device 20 has a prcMnixing: system such as a pre-mixer 29 liaving 

a pic-mixing chamber 30, where the individual components, i.e., the lipid phase and 
the aqueous phase are introduced under pressure by pressurized transfer means 23 and 
25. Pressurized transfer means 22 and 24 transfer the fonnulation components from 
^0 5 iheir respective vessels 1 2 and 14, to the precise metering systems 26 and 28. 

Pressunzed transfer means 23 and 25 then transfer the formulation to the pre-mixing 
chamber 30. The mixing device may also be provided with a means, not shovsTi, for 
establishing a gradient between the two component streams. 

It is critical that the lipid and aqueous phases be transferred to the prc-mixing 
.system with sufficient velocities such that turbulent flow is created in the pre-mixing 
chamber .so as to provide shear mixing and to insure that the lipid phase becomes fully 
20 hydrated by the aqueous phase. For example, the lipid phase can be introduced to the 

aqueous phase by means of a concentrically centered hypodermic sized tube in the 
center of the tube carry ing the aqueous phase. The interface beivvecn the two phases is 
15 such {hat the friction between the inner lipid stream and the outer aqueous strt-am 

25 

creates laminar turbulence and eddy currents that will initiate the interfacial mixing 
process. 

Transfer means 22, 24, 23 and 25 are typically configured as flexible tubing, 
30 stainless steel tubing, or as channels in a block of suitable material, and can be made 

of any non-corrosive, non-reactive materials including, by way of example and not 
hmitation, plastic, rubber, aluminum, stainless steel, plastics, iluoropolymers such as 
Teflon and poI>'\'inyIidenc fluoride (PVDF), etc. 

The pre-mixer 29 is used for preparing a pre-mixed formulation and is 
designed to create a turbulent vortex in one component stream into which the second 
25 component stream is injected via high pressure. The combined component streams 
^^^cn transferred via transfer means 32 and introduced into the mixer 33 havini; an 
in-line mixing chamber 34 of high shear, high pressure design. Transfer means 32 
can be of a configuration and materials such as described above for transfer means 22, 
24, 23 and 25. Preferably transfer means 32 is a relatively short fitting that serves to 
connect the outlet of the prc-mixcr with inlet of the mixer or may simply be the 
juncture of the pre-mixer outlet and mixer inlet such as when the outlet of the pre- 
mixer is positioned adjacent to and communicates with the inlet of the mixer. 
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The length of the mixing chamber 34 can be varied to control the number of 
laminar divisions that llie stream passes through. The mixer 33 is preferably a static 
mixer. As used herein the term "static mixer" is used to refer to a mixer whose 
intenial chamber creates turbulence in the fluid flow by the presence of, tor example, 
a spiral or baffled interior casing, such that movement of the component streams 
through the mixer creates a mixed product, without the need for any moving parts in 
the mixer. Suitable static mixers include laminar division type inline mixers or an 
inline static ISG (Interfacial Surface Generator) mixing device, which has either a 
stream division or intercalated spiral baffle design. Commercially available static 
mixers that are suitable for use in the instant invention include the TAH 70, 85, 100, 
120 and 160 Series motionless mixers sold hy f AH Industries, Inc. (Robbinsville, 
NJ), and (he ISG motionless mixer sold by Charles Ross & Son Company 
(Hauppaugc, NY). 

'f he mixing chamber 34 is equipped with a means 36 for controlling the 
temperature of the chamber. It is preferable Tn maintain the temperature of the mixing 
chamber within the range of about 20 to 80°C, preferably 50 to 70"C, more preferably 
about 60°C. The lempcniture controlling means 36 is typically a discrete 
thcmiocouple, a platinum tliermocouple type automatic controller, a ladder type 
controller, or a control routine operating on a computer. The mixing chamber 34 is 
also equipped with a means 38 for controlling the decree and rate of mixing within 
the chamber. This mixing controlling means 38 is typically a means for moving the 
lipid and/or aqueous phase transfer means in and out of the chamber to adjust the 
insertion point for the desired degree of turbulence. Also a means may be provided 
for adjusting the angle of the transfer means relative to the wall of tlie mixing 
chamber to enhance or decrease the rotational turbulence thereby induced. 

After the formulation is mixed, it is dispensed via dispensing means 40, W'hich 
is equipped with a control means 42 for controlling tlie rate at which the formulation 
is transferred from the mixing chamber 34 into the storage chamber 44. The storage 
chamber can be part of a packaging machine, not shown. The mixed formulation can 
be used as is, without the need for any solvent removal. 

Dispensing means 40 is rv'pically configured as a sanitary valved outlet, and 
can be made of any non-corrosive, non-reactive materials including, by way of 
example and not limitation, plastic, rubber and aluminum. 
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The flow rate controlling means 42 typically operates by adjusting the 
stepping rale of the motors controlling tlie pumps as well as the sizes of the orifices in 
the manifolds, and controls the flow rate so that it is maintained within the desired 
range. 

Along with delivering all of the product to the storage chamber 44, the 
invention also contemplates that the device be equipped with a means for diverting 
the output stream from cliamber 34 to either of two or more chambers or channels, 
thereby providing a mechanism whereb)' product may diverted from the primary flow 
to the storage chamber 44 if the sensors determine it to be below acceptable quality 
levels, until the sensors can shut the device down. 

The mixer 33 is also equipped with a determining means 46, which can be one 
or more detectors that operate by use of a feedback system so that each respective 
detector is connected to or configured so that it controls the rempcranire controlling 
means 16 and 18 and the metering systems 2fi and 28. One such detector can be an 
optical sensor for determining the optical properties of the mixture within chamber 34 
for purposes of adjusting the temperature and How rate of the components for 
optimum product quality. A certain degree of opacity is the indication of successful 
mixing. If the material develops a transparency and transmits more light than is 
expected, this is determined by a simple photoresislor or phototransistor detector 
circuit, and the controlling mechanism is instructed to divert the stream and or shut 
down the system. Another detector can be a rheomelric device, or viscometer, that 
detcnnincs the viscosity of the mixture for fiiriher process quality monitoring and 
control. As with the optical sensor, the rhcometric device would also be able to 
control the temperature controlling means 16 and 18 and the metering systems 26 and 
28, so as to adjust the temperature and flow rate of the components. 

The mixing device 20 may be equipped with a means 48 of applying 
ultrasonic energy to the pre-mixing chamber 30 and/or the mixing chamber 34. Use 
of ultrasonic energy in the formation of lipid vesicles is described, for example, in 
Gcrsonde, el al., US Patent No. 4,452,747; Huang, Biochemistry 8:344(1969); 
Papahodjopoulos, et al., Biochim Biophysica Acta 135:624 (1967); Sciineider, US 
Patent No. 4,089,801 ; and Hsu. US Patent No. 5,653,996, the disclosures of which are 
incorporated herein by reference. 
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The purpose of ihe ultrasonic energy is to facililalc formation of a desirable 
vesicle size and/or size distribution. Ultrasonic energy can be applied by means of a 
transducer thai is in direct contact with various metal surfaces oflhe pre-mixing 
chamber. Depending on the placement of the transducer relative to the point at which 
the lipid phase and the aqueous phase make contact, the application of ultrasonic 
energy can be used to either aid in the formation of multilamellar liposomes or lo help 
convert the multilamellar vesicles into unilamellar vesicles of cenain constrained size 
ranges. 

The process by which large unilamellar and multilamellar vesicles may be 
converted to smaller muhilamellar and or unilamellar vesicles is described by 
Gregoriadis (CRC Press), supra. The multilamellar liposomes produced by the 
method and apparatus of the invention are typically within the range of lOnm to 100 
urn, and are preferably about 0.2 lo 25pm, more preferably about 0.5 to 20^im in 
diameter. FVcfcrably the small unilamellar liposomes produced by the method and 
apparatus of the invention are about 20 lo 200nm in diameter, while the larger 
unilamellar liposomes produced by the method and apparatus of the invention are 
about 200nni to 2} mi in diameter. 

In addition, application of ultrasound also ser\'es to induce more uniformity in 
the size and distribution of the vesicles, relative to the frequency at which the 
ultrasonic energy is being transmitted. Suitable means for accomplishing this include 
any means for generating high-frequency electric energy, such as generators, 
sonicalors, ultrasonic homogenizers and tissue disruptors. For example, high 
frequency electric energy is supplied from an electric generator, then converted into 
ultrasonic energy or vibrations and transmitted by an ultrasonic transmitter into one or 
both of the mixing chambers. 

The mixing device 20 is also equipped with a means 50 for controlling the 
tempcrauire of the apparatus, in particular for controlling the temperature of the open 
space surrounding the various components of the apparatus such as the transfer 
means, pre-mixing system and mixer. The temperature controlling means 50 is 
similar in form and function to the temperature controlling means 36 described above. 
It is preferable to maintain the temperature within the interior of the mixing device 
within the range of about 20 to 80°C, preferably about 50 to 70°C, more preferably 
about 60"C, in essence a temperature close to that within the mixing chamber 58. 
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The components of the mixing device 20 can be encased in a sealed container 
52, wliich can replicate a "clean room" such as is necessary in the production of 
pharmaceuticals, for example. Container 52 would be featured with inlet 54 and 
outlet 56 valves as a method of sterilizing and sanitizing the entire outside surfaces of 
the components contained therein such as the metering systems and pre-mixer and 
mixer components such as their respective chambers, along with the inside surface of 
the container itself. Steam, ethylene oxide or liquid stcrilanls are suitable for use as 
sterilizing or sanitizing agents to be delivered by inlet valve 54, and subsequently 
removed by outlet valve 56. The device 20 would also be equipped with cleaning 
means 58 by which the interior of the components contained therein such as the 
metering systems and pre-mixing and mixing chambers could be cleaning, such as by 
the introduction of heated cleaning agents such as chlorohexidinc, sodium 
hypochlorite, soaps, detergents, ethanoi water mixtures, and so forth. 

The apparatus 10 may also be equipped with a heating/cooling means 60, 
positioned external to the mixing device 20. The dispensing means 40 can be shaped 
to extend beyond the peripher\' of the mixing device and fitted with such a 
heating/cooling means, which can be configured as a jacket surrounding the 
dispensing means having a cooled or heated iluid flowing within. 

A slight modification of the schematic illu.straiion of Fig. 1 provides another 
embodiment of the apparatus of the invention for the production of liposomes, and is 
pcirticularly suited for the production of ULVs. After the fonnulation is mixed in 
chamber 34, it is dispensed via dispensing means 40 and control means 42. However, 
before being directed to a storage chamber or packaging machine, the formulation is 
subjected to high pressure in-line homogcnization or sonicaiion, thereby causing the 
vesicles to be reduced in size or causing them to agglomerate, resulting in a uniform 
sizing. After this process is complete, the formulation is then directed to the storage 
chamber or packaging machine. 

One embodiment of the invention is illustrated in Figs. 2 and 3, where Fig. 2 is 
a cut-away side view and Fig. 3 is a top view. The apparatus .100 has four main parts: 
individual means for storing each component of the formulation 112 and 114, a sealed 
container 152, encasing the various pans of the mixing device, and an open box 170, 
which holds the control elements as will be described below. 
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The larger vessel 112 would typically be used to store u first liquid phnse, such 
as an aqueous phase component and the smaller vessel 1 14 woiiid typically be used to 
store a second liquid phase, such as a lipid phase component. It is desirable lo store 
each component at a set temperature and this is readily accomplished by means of 
icmpcranirc controls. Temperature control 118, which controls the temperature of 
vessel 114, is sl^own in Fig. 2. Temperature control 118 could be a discrete 
thermocouple based controller us is available from Omega Engineering, Inc., for 
example, and would be connected to power source J 72, for example, an electrical 
omlei. 

Each component is deli\'ered lo the mixing device 120 by pressurized transfer 
means 122 and 124, each of which is fitted with a precise metering system 126 and 
^0 1-8 10 comrol the amount of material transferred from the storage means to the pre- 

mixing chamber 130. Metering system 128 is shown in Fig. 2 as comprising a precise 
metering pump 174, along with a manifold 176 to control the pump output and input 
1 5 in order to eliminate any pressure pulsations of the component stream that would 
interfere with the precise mixing ratios needed for consistent product quality. 
Essentially, the manifold serves to convert a pulsed input from the pump to an 
unpulsed output by means of phase compensation. The metering system is driven by 
30 a motor 178 such as a stepper motor. 

The mixing device 120 has a pre-mixing system such as a pre-mixer 129 
having a pre-mtxing chamber 130, where the individual components are introduced 
underpressure by pressuriiced transfer means 123 and 125. Accordingly, the pre- 
mixing chamber has a first inlet orifice 136 connected to transfer means 123 for inlet 
of the aqueous phase, a second inlet orifice 138 connected to transfer means 125 for 
inlet of the lipid phase, and an outlet orifice 140 connected to transfer means 132. 
40 ^^^^ pre-mixcr is designed lo create a turbulent vortex, whereby one component 

stream is injected by means of high pressure into a second component stream or both 
streams are injected by means of high pressure. 

Tlie pre-mixed formulation is then transferred by transfer means 132 and 
30 introduced into a mixer 133 having, for example, a laminar division type inline 

mixing chamber 134 of liigh shear, high pressure design. After tlie formulation is 
nuxed, it is dispensed via dispensing means into a storage chamber or a means for 
packaging such as a packaging machine, not shown. In addition, the invention nlso 
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coiileinplales use of a means for further modification of the properties of the 

liposomes, which would be positioned immediately after the dispensing means. Such 

means for fiirthcr modification can be, for example, a means for homogcnizalion or 

sonication. This would enable one to make a ULV-conlaining formulation from a 

10 ^ MLV-or OLV-containing formulation. The modified formulation could then be 

dispensed into a su^ragc chamber or a means for packaging, as indicated above for the 

mixed formulation. However, the modified formulation could also be used in a 

separate apparatus. It could be placed in a storage vessel and, with its own metcrmg 

system, be used as a third component in anotlier fomiulation. 

10 As indicated above, the apparatus 100 inckides a box 170 that has an open end 

180 to permit access to the power components, electrical systems, etc. Along with the 

20 temperature control 1 18, power source 1 72 and motor 178, this box also houses an 

indexer 186 that controls the motor 178, an indexer controller 182 for controlling the 

indcxcr 186, and a relay 184 for controlling the temperature control 118. 

15 Fig. 2 only shows the components that are connected to metering system 128, 

Metering .system 126, shown in Fig. 3, has similar components that relate to its 

performance. Fig. 3 ilhislrates the temperature control 188, power .source 190, motor 

192, and indexer (not shown) that controls motor 192, an indexer controller 194, and a 

relay (not shown) all of which work with metering system 126. There also is a relay 

20 (not shown) for controlling the temperature control 1 50. 

Container 152 is sealed by means of a cover or lid 196 that is removable, but 

bolted in place, and preferably includes a rubber seal, for example, to provide for a 

^5 tightly sealed system during operation. The container can also be sealed by numerous 

means, including by way of example and not limitation, clamps, drawing a vacuum in 

25 the case of sensitive ingredients, and by means of a lip and channel configuration. 

The mixing device 120 is equipped with a generator 110, as means of applving 
40 ^ 

ultrasonic energy to the prc-mixing chamber 130 and/or the mixing chamber 134. In 
the embodiment shown in Figs. 2 and 3, the generator 1 10 is shown as being moimted 
on the pre-mixing chamber 130. aii appropriate position when ultrasonic energy is 
45 30 being directed to the pre-mixing chamber. It is understood however, that the 

generator can be mounted on the transfer means 132 if it is desired to direct energy to 
the mixing chamber 134. This latter configuration can be in lieu of or in addition to 
the generator mounted on the pre-mixing chamber. 
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Fig. 3 provides another view of tiiis crnbodimcnl of the invention. 'I1)is view 
shows lhat tlie mixing device is also equipped with a means 150 for controlling the 
temperature of the device, and a power source 198. Also shown in Fig. 3, is a lop 
view of metering system 126 vvhich comprises a precise metering pump 200, along 
with a manifold 202. The metering system is driven by a motor 194 as noted above. 

One skilled in the art will recognize other comparable parts that can be 
assembled in the manner shown in Figs. 2 and 3 lo produce a liposomal fomiulation in 
the manner described herein. In particular, suitable precise metering pumps arc well 
known in the art. Particularly well suited for the method and appEiralus of this 
invention is the Travcyl™ metering pump (Encynova International, Inc., Broomfield, 
CO), which provides the accurate and efficient fluid dclivciy required by this 
invention. A simplified version of this pump is shown in Figs. 4 and 5. 

Fig. 4 shows one embodiment of the precision metering system J 28 of llie 
invention, having a precise metering pump 174 and manifold 176. The pump and 
manifold are typically provided with a plurality of inlets and outlets. The manifold 
has a plurality of inlets and outlets that correspond to the number of outlets and inlets 
on the pump. In addition, the manifold has an inlet whereby lipid or aqueous phase is 
transferred from the storage vessel and an outlet whereby the formulation components 
is transferred to the pre-mixing system. 

A pump 174 having four inlets and four outlets is illustrated in Fig. 5. 'fhe 
fomiulation component is transferred from its storage vessel 114 to the manifold 176 
via pressurized transfer means 124 prior to entering the pump. The component is 
transferred to the pump by pump inlet means 300, 302, 304 and 306. The component 
then returns to the manifold 1 76 by pump outlet means 308, 310, 312 and 314^ and 
then exits the manifold by pressurized transfer means 125 for delivery to the pre- 
mixing chamber 130. The pump inlet and pump outlet means arc typically comprised 
of a flexible tubing material such as Teflon, PVDF, polypropylene, stainless steel 
tubing or amiored polymer tubing. Pump inlet 300 and pump outlet 308 are both 
connected to one of four cylinders in pump 174. Similarly inlet/outlet pairs 302/310, 
304/312 and 306/314 are connected to the remaining tliree cylinders, respectively. 

Fig. 6 ilhistrates one embodiment of a manifold 176 useful in combination 
with the pump 174 of Fig. 5. Similar to the pump, the manifold is provided with four 
inlets and four outlets, which are numbered and identified separately. Each pump 



15 



WO 00/29103 PCT/LIS99/26738 

^ outlet means comiTiunicaies with a manifold inlet means, and each pump inlet means 

communicates with a manifold outlet means. In addition, the manifold has an inlet 
orifjce that communicates with the storage vessel and an outlet orifice that 
comnumicales with the pre-mixer, as described in detail below. 
^0 5 Refen ing now to Fig, 6, the fomiulation component is transferred from its 

storage vessel 1 14 to the manifold via pressurized transfer means 124 at manifold 
inlet orifice 141. The component is then transfcircd to the pump by majiifold outlet 
means 324, 326, 328 and 330, where manifold outlet 328 is on the back side. The 
component ti^en returns from the pump to the manifold by manifold inlet means 316, 
10 318, 320 and 322, where manifold inlet 318 is on the hack side, and then exits the 

manifold by pressurized transfer means 125 at manifold outlet orifice 142 for dcliver>' 
20 prc-mixing chamber. The manifold can be for example, a solid block in which 

the four Inlet means are laterally bored holes, as illustrated in Fig. 7. The same 
configuration holds for the four outlet means. An axially bored hole that meets at the 
15 junction of the four inlet means forms the manifold outlet orifice 142 conned ing the 
pressurized transfer means 125 to the manifold. Similarly, an axially bored hole that 
meets at the junction of the four outlet means forms the manifold inlet orifice 141 
connecting the pressurized transfer means 124 to the manifold. This is illustrated in 
Fig. 8. 

operation, the two component, i.e., precursor phases provided for in the 
fomiulation are each prepared and heated to the proper temperatures, at whicli time 
they are transferred to the apparatus 100. Typically, Phase I of the mixture (the 
aqueous phase) is prepared and healed and is introduced into the larger of the two 
vessels 112, which has been preheated to tlie required temperature before filling. 
25 rhase 11 of the mixture (the lipid pliase) is prepared and heated, is then introduced into 
the smaller vessel 1 J 4 which has also been preheated to the required temperature. 
Once stored in the prc-heatcd vessels 112 and 114, the phases are maintained at the 
required temperature, via individual feedback and control systems. Tlie appanitus is 
equipped with two pumps 174 and 200, each of which is equipped with four positive 
30 pressure, positive displacement pimiping chambers. 

The four inputs from each pump are combined through the use of unique 
manifolds 176 and 202. The four outputs of each pump are then pumped through the 
same respective manifold and then transferred in a precise ratio to the pre-mixing 
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chamber 130. The result is a near or vinually pulse-less How, which permits of 

5 

precise metering ratios of the two components, i.e., the lipid and aqueous phases that 
constitute the liposomal formulation. The two components are each individually 

pumped through the use of the near "pulse-less" precision metering pumps 174 and 
iO 5 200 into the prcmixing chamber 130 where they are introduced to each other in a 

precise ratio. The two phases are then introduced into the inline mixing chamber 134 
of appropriate length, diameter and composition for the specific product to be 
manufactured. 

15 

Tlie near "pulse-less" action is the pump is achieved by tisc of the four pump 
10 inlet means, each of which is 90° out of phase with the preceding inlet means and the 
successive inlet means. For example, refcn ing to the pump 174 shown in Fig. 5, there 
20 are four inlet means shown, 300, 302, 304 arid 306. The operation curve of inlet 

means 302, for example, is out of phase by 90" from the operation curve of inlet 
means 300 and 304. and so forth. In operation then, these curves cancel each other 
15 out to provide for continuous, near "pulse-less" flow of the component from the vessel 
1 14, to the manifold 176 to the pump 174, back to the manifold 176, then on to the 
pre-mixing chamber 130. 

The two phases can be slightly intermixed in an intcrfacial juncture in the pre- 
mixing chamber 130, from which they are then forced tliroiigh transfer means 132 
20 into the static mixer 134. The design of the pre-mixing chamber incorporates surfaces 
that create specific turbiUence patterns that have very specific effects on the properties 
of the liposomes during their formation. In addition, various baffles may be added to 
35 the pre-mixing chamber or machined into the inner surface of the chamber, to increase 

turbulence. 

25 The design of the pre-mixing chamber 130 and the mixing device permit the 

use of an ultrasonic generator to be used on either or both of the chambers. Tlie 

40 

frequency and signal power of the generator can be controlled by the same computer 
that monitors and controls the temperatures of the supply vessels, the temperature of 
the enclosure and the mixing chambers, and the flow rates of the two precision 
45 30 metering pumps. 

'fhe length and internal components of the mixing chamber 134 are selected so 
as to maximize the effectiveness of the mixing process, as described above. 
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The mixer feeds prodiicl through a determining means 146 which can be a 
sensing device or detector where the optical properties of the product are measured 
and the results supplied to a monitoring and process control system, which is 
responsible for tl^e i-noniioring and adjustment of temperature, flow rate and mixing 
proportions of each of the two pbases based on sensor values, programmed responses 
and operator input. The monitoring and process control system typically involves 
suitable sensor and readout display devices, and the necessary adjustments can be 
made manually by the operator or the entire system can be readily computerized by 
methods as are well known in the art. 

Another embodiment of the invention is illustrated in Figs. 9 and 10, where 
Fig. 9 is a cut-away side view and Fig. 10 is a top view. This embodiment illustrates 
some variations on the embodiment of Figs, 2 and 3, and it is undci*slood that the 
invention encompa.sses other combinations of these two embodiments. In particular, 
the embodiment of Figs. 9 and 10 illustrate one means by which temperature of the 
storage vessels can be monitored and maintained, an alternate manifold and an 
altcmate pre-mixing system for the aqtieous and lipid phases, along with illustrating 
one embodiment of means by which the entire operation can be run, monitored and 
controlled. 

Referring now to Figs. 9 and 10, the apparatus 400 is equipped with individual 
means for storing each component of the formulation 402 (larger vessel lo store the 
aqueous phase components) and 404 (smaller vessel to store the lipid phase 
component), and a sealed container 40(i, encasing the various parts of the mixing 
device 415 and the control elements. 

The temperature of each storage vessel is controlled by individual temperature 
.sensors 408 and 410, along with heating elements 412 and 414. Each temperature 
sensor is inserted into the fluid contents of its respective vessel. One preferred type of 
temperature sensor is a platinum resistance temperature sensor device, as such devices 
are well suited to precisely maintaining the temperature of the contents at a set 
temperature. The heating element is configured to wrap around the exterior of the 
individual vessel and is typically a thermal foil heater comprised of a heating element 
encapsulated within a flexible silicone rubber jacket. 

Each component is delivered to the mixing device 415 by pressurized transfer 
means 416 and 418 to individual precise metering systems 420 and 422 to control the 
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timoiint of maierial transferred from the storage means ullimalely to the pre-mixing 
chamber 424, and then lo the in-line mixer 426. Precise metering system 420 
comprises a manifold 417 and a precise metering pump 419. The system also 
includes housing 421, which contains a motor, conlroller and power supply. 
Siniihirly, precise metering system 422 comprises a manifold 423, precise metering 
pnmp 425, and similar housing 427. Details of this embodiment of the pre-mixing 
system of the invention will be descinbed in detail below. 

The pre-mixing system of this embodiment is best illustrated with reference to 
Fig. 10. Tlie aqueous phase exits the precise metering system 420 by pressurized 
transfer means 428, which is illustrated as having a straight section 430, an L-f'ming 
section 432, and a T-shaped section 434, connected by coupler flanges 436, 437. 43H 
and 439. The T-shaped section 434 is connected to the pre-mixing chamber 424 by 
coupler flange 440 and coupler flange 441 on the pre-mixing chamber, joined with a 
silicone gasket and clamp. Tlie lipid phase exits the precise metering system 422 by 
pressurized transfer means 442, which has a straight section 444 having a diameter 
approximating that of the sections of pressurized transfer means 428, and an injector 
section 446 having a smaller diameter than the sections of pressurized transfer means 
428. The sections of pressurized transfer means 428 are attached to each other and 
joined to section 434 by means of coupler flange 448. Tlie injector section 446 
extends within the T-portion of section 434 and exits directly into the pre-mixing 
chamber 424. 

In operation, the aqueous phase exiting the straight portion of T-shaped 
section 434 encounters the exterior length of llie injector section 446 and turbulence is 
created before the aqueous phase enters the pre-mixing chamber 424, where it is 
mixed with the lipid phase entering the chamber via injector section 446. This is 
illustrated in Fig. 1 1, which shows a partial cross-section of the pre-mixing system 
450. This configuration of the juncture of the aqueous phase pressurized transfer 
means 428 and the lipid phase pressurized transfer means 442 illustrates one 
embodiment of the invention by which tlie lipid and aqueous phases can be introduced 
in a precise manner and provide for temperature stabilization due to concentric flow. 

Turbulence is introduced into the aqueous phase within the branched portion 
433 of the T-shaped section 434. The injector section 446 fiis snugly into the recess 
of the flange 448 of the T-shaped section 434, and prevents backflow of the aqueous 
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phase in to the straight section 444 of the lipid phase pressurized transfer means 442. 
The straight section 444 is connected to the T-shaped section by coupler flaniie 443. 
'I'hc recursive How of the aqueous phase into the chamber 435 of the branched portion 
433 creates a damping efreci. The ratio of (a) the internal cross-sectional area of the 
branched ponion 433 which is not occluded by injector section 446 to (b) the internal 
cross-sectional area of injector section 446 is determined by the desired volumetric 
ratio of the aqueous phase to the lipid phase for any given fonnulation. 

Fi^. 1 1 also illustrates the cross-section of a suitable configuration of the in- 
line mixer 426, as having a plurality of baffles 452. However, h is understood that 
this invention is not limited to this configuration and any suitable configuration of the 
in-line mixer is encompassed by the invention, as long as turbulent mixing of the 
aqueous and lipid phases is achieved. 

Refen ing again to Fig. 10, the apparatus 400 is provided with a heater 454, 
such as a fmned resistive heater which serves to maintain the temperature within 
mixing device 415, more specifically the temperature surrounding the pressurized 
transfer means 428 and 442, the pre-mixing chamber 424 and in-line mixer 426. The 
apparatus also comprises a temperature sensor 464, which ser\'es to monitor the 
temperature within container 406 and adju.st the heater 454 accordingly. 

Fig. 12 illustrates another embodiment of a manifold 423 useful in 
combination with ihe pump 425 of Fig. 10. This embodiment of the manifold will be 
described in relation to the transfer of the lipid phase. However, a similar 
configuration can be used for manifold 417 and pump 419, as pertciins to the transfer 
of the aqueous phase. Similar to the pump, the manifold is provided with four inlets 
and four outlets. In the pump/manifold embodiment of Fig. 4, there are transfer 
means connecting the pump inlets/manifold outlets and pump outlets/manifold inlets. 
In the embodiment of Fig. 9. the various inlets and outlets are positioned on adjacent 
faces of the pump and manifold such that each pump outlet meaiis communicates 
directly with a manifold inlet means, and each pump inlet means communicates 
directly with a manifold outlet means: In addition, the manifold has an inlet orillce 
that communicates with the storage vessel and an outlet orifice that communicates 
w-ith the pre-mixing system, as described in detail below. 

As with the pump in Fig. 5, the near "pulse-less" action is the pump is 
achie\'ed by use of the four pump inlet means, each of which is 90° out of phase with 
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the preceding inlel means and the successive inlet means. For example, referring lo 
pump 425 shown in Fig. 13, there arc four inlet means shown, 350, 352, 354 and 356. 
The operation curve of inlet means 352, for example. i.<; out of phase by 90*= from the 
operation cur\'c of inlet means 352 and 356, and so forth. In operation then, these 
curves cancel each other out to provide for continuous, near "pulse-le.ss" How of the 
component from the vessel, to the manifold 423 lo the pump 425, back to the 
manifold 423, then on to the prc-mixing chamber 424. 

Referring now to Fig. 12, the lipid phase is transferred from its storage vessel 
404 to the manifold 423 via pressurized transfer means 418 and manifold inlet orifice 
332. The lipid phase is then transferred to the pump 425 by manifold outlet means 
334, 336, 338 and 340, all of which are located on back face 342 of the manifold. 
Fig- 14 illustrates the back 342 of the manifold 423, which has the same configuration 
as the front face 344 of the precise metering pump 425, as sliown in Fig. 13. The 
manifold and pump fit lightly together by means of an O-ring and a plurality of 
fastening means, which can be bolts for example. Tlie bolls fit through a phirality of 
bored holes 346 that extend through the manifold 423 and match up with a plurality of 
bored holes 348 located on the face of the pump 425. The pump is fitted with four 
inlet means, 350, 352, 354 and 356 that communicate with manifold outlet means 
334, 336, 338 and 340. As with the embodiment of Fig. 4, the pump ha.s four positive 
pressure, positive displacement pumping cliambers or cylinders, not showni. Pump 
inlet 350 and outlet 358 communicate with one cylinder, inlet 352 and outlet 360 
communicate with another cylinder, and so forth. 

The lipid phase then exits the pump through pump outlet means 358, 360, 362 
and 364, which communicate with manifold inlet means 366, 368, 370 and 372. The 
lipid phase subsequently exits the manifold tlu-ough manifold outlet orifice 374 
located on the front face 376 of the manifold. Manifold outlet orifice 374 
communicates with pressurized transfer means 442. 

The manifold 423 is manufactured as a solid block of metal such as stainless 
steel or a suitable alloy such as the nickel alloy Hastelloy™. This manifold is 
configured as a square or rectangular box and, as shown in Fig. 12. has six sides or 
faces, which axe identified as the fi'ont face 376, the back face 342, the top face 378, 
the bottom face 380, a first side face 382 and a second side face 384. The manifold is 
also configured to Iiave two lateral planes, each of which marks the location of a set 



wo 0(»/29103 PCT/DS99/76738 
of independent How channels. The two planes are best illustrated by reference to 
Kigs. 15 and 16, which are cross-sectional views of the manifold of Fig. 12, taken 
along lines 15-15 and 16-16, respectively. 

Fig. 15 illustrates a first lateral plane. A first and second set of transvcr.se flow 
channels, 385 and 386 are positioned so as to intersect lo fonn an "X". The first flow 
channel 385 is formed by boring an angled hole from side face 384 lo a point some 
distance before side face 382 such that the channel 385 does not go through the entire 
manifold. The end of channel 385 is then plugged with plug 387, which prevents 
flow out of the manifold and can be made of threaded Tellon®, nibber, plastic and 
any other suitable materials that can be configured to f]t securely in the channel. The 
second flow channel 386 is fonncd by boring an angled hole from the top face 378 to 
a point some distance before bottom face 380 such that the channel 386 docs not go 
through the entire manifold. Tlie end of channel 386 is left open lo form manifold 
inlet orifice 332. 

Referring now to Fig. 1 6, the second' lateral plane is illustrated. A first and 
second set of transverse flow channels, 3S8 and 389 are positioned so as to intersect to 
form an "X". The first fiow channel 388 is lormed by boring an angled hole from side 
face 382 to a point some distance before side face 384 such (hat the channel 388 does 
not go through the entire manifold. Tlie end of channel 388 is ihen plugged with plug 
390. The second flow channel 389 is formed by boring an angled hole from the 
bottom face 380 to a point some distance before top face 378 such that the channel 
389 does not go tlirough the entire manifold. The end of channel 389 is then plugged 
with plug 391. It is important to understand that the flow channels in one lateral plane 
arc independent fi"om and do not communicate with the flow channels in the other 
lateral plane, i.e., there is no fluid flow between the channels 385, 386 in Fig. 15 and 
channels 388, 389 in Fig. 1 6. 

After the flow channels are bored into each lateral plane, a pluralit}' of 
manifold inlet and outlet means are bored into the manifold to a pre-specifled depth. 
Manifold inlet means 366, 368, 370 and 372 are drilled in the back face 342 to a deptli 
sufilcient to meet with and communicate with flow chamiels 388 and 389 in the 
lateral plane sho\\Ti in Fig. 16. Fig, 17, which is a cross-sectional view of the 
manifold taken along line 1 7-17 in Fig. 12, illustrates this even further. It can he seen 
that manifold inlet means 370 is bored at a depth to meet with flow channel 389. 
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Manifold outlet means 334, 336, 338 and 340 are drilled in the hack face 342 lo a 

5 

depth sufficient to meet with and communicate with flow channels 385 and 386 in the 
lateral plane shown in Fig. 1 5. Fig. 17, which is a cross-sectional view of the 
manifold taken along line 17-17 in Fig. 12, illustrates this even further. It can be seen 
10 ? that manifold inlcl means 338 is bored at a depth to meet witii flow channel 386. 

After the manifold inlet and outlet means are bored, the manifold outlet orifice 374 is 
bored in the face 376 lo a depth sufficient to meet with and communicate with flow 
channel 38.9, as shown in Fig. 1 7. 

In operation, the lipid phase enters the manifold 423 Uiough the manifold inlet 
10 orifice 332. it flows through flow channels 385 and 386, and then exits the flow 
channels by means of manifold outlet means 334, 336, 338 and 340, which 
20 communicate with pump inict means 350, 352, 354 and 356, respectively. Fluid 

moves tlu-ough pump inlet 350 in to one of the pump cylinders then exits via outlet 
means 358, and so forth with all four inlets and outlets of the pump, such that the lipid 
15 phase exits the pump 425 as a pulsed strcanvby means of pump outlet means 358, 

360, 362 and 364^ which communicate with manifold inlet means 366, 368, 370 and 
372, respectively. The lipid phase then enters and flows througli How channels 388 
and 389, and exits the manifold through the manifold outlet orifice 374. 

By the configuration of the manifold and the near "pulse-less" action of llie 
20 pump, which uses a plurality of inlet and outlet means, each of which are 90° out of 
phase, a pulsed input is delivered to the pre-mixing system as a virtually pulse-less 
flow of lipid phase or aqueous phase. 

Figs. 1 8-20 illustrate typical embodiments of a monitoring and process control 
system useftil for the operation of the apparatus described herein, and are exemplified 
25 for the apparatus 400 of Fig. 10. Figs. 1 8 and 19 illustrate control panels for the 

invention that are fitted with a pluralit>' of connectors, indicator lights and controllers, 
which arc connected by appropriate wiring (not sho\\Ti) to the parts of the apparatus 
that they control, monitor or provide power to. 

Fig. 18 illustrates a first control panel 456. Temperature sensor connector 458 
"^5 30 is attached to the lipid phase resistance temperature device 410, while power 

connector 460 provides power to the lipid phase heating element 414. Data 
communication tenninal 462 is attached to a computer 466, for example by means of 
a standard 9-pin serial port. Indicator light 468 indicates whether the heating 
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elenienls 412 and 414 and heater 454 are on or off. Similarly, indicator light 470 
indicates when tlie controllers (as described in Fig. 1 9) and precise metering systems 
420 and 422 are on or off. 

l ig. 1 9 illustrates a second control panel 472. Temperature sensor connector 
474 is attached to the aqueous phase resisiance temperature device while power 
connector 476 provides power to the aqueous phase heating clement 412. Power 
connector 478 is attached to a remote communication port (nt)t shown) that requires 
an interface card or converter. The remote communication port senses as an interface 
between the controllers 480, 482 and 484, and the computer that is used to 
interactively monitor, control, and record the operation of the device and its 
components systems. Controllers 480, 4S2 and 484 sen'c to control heating element 
414, heating element 412, and healer 454, respectively. 

Fig. 20 is the bonom view of a power distribution module 48f>, wluch is fitted 
with a heat exhaust 488. The module has an on-off switch 490 and power fuse 492 
for the heating elements 414, 412 and heater 454. The module also is fitted with an 
on-off switch 50(> and power fuse 494 for the controllers 480, 482 and 484, and 
precise metering .systems 420 and 422, In addition, there is a heater relay cooling fan 
496 and main power input connector 498. 

The instant invention also contemplates methods of producing lipid vesicles 
using a continuous in-line mixing system. In one embodiment of the invention, the 
method involves first preparing a lipid phase, optionally containing an active agent, 
and storing the lipid phase in a first storage means that is maintained at a set 
temperature, typically within the range of about 20 to 80°C . Similarly, an aqueous 
phase is prepared and stored in a second storage means that, is maintained at a set 
temperature, typically also within the range of about 20 to HO^'C. In one embodiment 
of the invention, t he first and second storage means are continuously replenished with 
the lipid and aqueous phases, respectively. 

The lipid and aqueous phases are then combined by means of a mixing device 
that has a first and a second metering system, a pre-mixer and a mixer. The mixer is 
typically maintained at a lemperamre within the range of about 20 to KO^'C. 

Tlie lipid phase is transferred from the first storage means to the first metering 
system by a first pressurized transfer means and the aqueous phase is transferred from 
the second storage means to the second metering system by a second pressurized 
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transfer means. The iipid phase is then transferred from the first metering system to a 
firsl inlet orifice in the pre-mixing system by a third pressurized transfer means. 
Similarly, the aqueous phase is transferred from the second metering system to a 
second inlet orifice in the pre-mixing system by a fourth pressurized transfer means. 
In operation of one embodiment of the invention, the lipid phase is transferred by the 
fu st and third pressurized trajisfer at a fluid flow rale of about 4 to 80 cm '/sec. and the 
aqueous phase is transferred by the second and fourth pressurized tnmsfer means at a 
fluid flow rate of about 1 0 lo 1 00 cm'^/sec. 

The lipid phase and aqueous phases are transferred to the pre-inixing system 
with a high velocity, which creates ttirbulent flow. Preferably, the lipid phase and 
aqueous phases are transferred to the pre-mixing system in a precise ratio. In another 
preferred embodiment, the lipid phase and aqueous phases arc transferred to ihe pre- 
mixing system in a near pulse-less flow. The lipid and aqueous phases are then 
combined in the pre-mixing system by sbear mixing under conditions to insure that 
the lipid phase becomes fully hydratcd by the aqueous phase to form a pre-mixed 
formulation. 

The pre-mixed formulation is then transferred from the outlet orifice of the 
pre-mixing system to the mixer by a fifth pressurized transfer means or other suitable 
connection or fitting. A mixed formulation, containing lipid vesicles, is formed in the 
mixer by causing the pre-mixed formulation to traverse a static mixer. The optical 
properties of the lipid vesicles are optionally measured. This can be accomplished by 
means of an optical transmission sensing device that uses a photorcsi.stor or 
phototransistor. which provides a control signal to a controlling computer or other 
process control device, which in turn ftinctions lo control or adjust the temperatures of 
the first and second storage means, along with controlling the operation of the first 
and second meteiing systems. 

In the final step, the mixed formulation is dispensed from the mixing chamber 
into a storage chtimbcr, into a means for further modification of the properties of the 
lipid vesicles, or into a means of packaging the mixed formulation. 

In another embodiment, the method incltides a homocenization or sonication 
step after the dispensing step. This latter embodiment is useful for the production of 
unilamellar lipid vesicles. The method may also include the addition of a second lipid 
phase and./or a pre-mixed lipid phase-aqueous phase mixture. 
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In yet another preferred embodiment of ilie invention, each metering system in 
the method described above has a precise metering pump and a manifold, Hacli pump 
and manifold has a plurality of inlet and outlet means, where each pump inlet means 
communicates with a manifold outlet means and each pump outlet means 
communicates with a manifold inlet means. Each pump inlet means is 90" out of 
phase with the preceding inlet means and the successive inlet means. Along with a 
plurality of inlet and outlet means, the manifold also has a manifold outlet orifice and 
a manifold inlet orifice. In this cmbodimenl. the method includes the steps of 
transferring the lipid phase to the inlet orifice of a first manifold by the first 
pressurized transfer means and simultaneously transferring the aqueous phase to the 
inlet orifice of a second manifold by the second prcssuri7xd transfer means; 
transferring the lipid phase from the plurality of outlet means of the first manifold to 
the plurality of inlet means of a first pump and simultaneously transferring the 
aqueous phase from the plurality of outlet means of the second manifold to the 
plurality of inlet means of the second pump: transferring the lipid phase from tlie 
plurality of outlet means of the first pump to the plurality of inlet means of the ilrst 
manifold and transferring the aqueous phase from the plurality of outlet means of the 
second pump to the plurality of inlet means of the second manifold: and transferring 
the lipid phase from the outlet orifice of the first manifold by the third pressurized 
transfer means and simultaneously transferring the aqueous phase from the outlet of 
the second manifold by the fourth pressurized transfer means. 

For purposes of illustrating the method of the invention, two component 
streams will be described, a lipid phase and an aqueous phase. However, as described 
above for the apparatus of the invention, it is understood that additional single or 
mixed phase components streams may be added as desired. In addition, a stream of 
liposomes may also be included. By combining a liposome phase stream with an 
aqueous phase stream and lipid phase stream, liposomes in the liposome stream can be 
further encapsulated using the method and apparahis of the invention. One of sidll in 
the art will readily understand how such additional streams can be incorporated, for 
example by an the addition of another storage vessel, metering system, etc.. such as is 
described above. 

As noted above, the present invention also pertains to a method for the 
continuous production of a composition of matter, such as lipid vesicles, by in-line 
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mixing. In one embodimeni of the invention, the method comprises: (a) preparing a 
first phase, siicli as a lipid phase, and slorinj; the lipid phase in a first storage means 
that is maintained at a set temperature; (b) preparing a second phase, such as an 
aqueous phase, and storing the aqueous pliase in a second storage means that is 
maintained at a set temperature; (c) combining the lipid and aqueous phases by means 
of a mixing device having first and second metering systems, a pre-mixing system and 
a mixer, by: transferring the lipid phase from the first storage means to the first 
metering system by a first pressurized transfer means and transferring the aqueous 
phase from the second storage means to the second metering system by a second 
pressurized transfer means; transferring the lipid phase from Ihe first metering system 
to a first inlet orifice in the pre-mixing system by a third pressurized tjansfer means 
and transferring the aqueous phase from the second metering system to a second inlet 
orifice in the pre-mixing system by a fourth pressurized transfer means; wherein the 
lipid phase and aqueous phases are transferi-ed to the pre-mixing system with a high 
velocity creating turbulent flow; combining the lipid and aqueous phases in the pre- 
mixing system by shear mixing under conditions to insure that the lipid phase 
becomes fully hydrated by the aqueous phase to fonn a pre-mixed formulation; and 
transfening the pre-mixed formulation from an outlet orifice of the pre-mixing system 
to the mixer, such as by a fifth pressurized transfer means or other suitable connection 
or fitting; (d) fonning a mixed formulation coniaining lipid vesicles, in the mixer by 
causing the pre-mixed formulation to traverse a sialic mixer; (e) optionally measuring 
the optical properties of the lipid vesicles; and (f) dispensing the mixed formulation 
from the mixing chamber into a storage chamber, into a means for further 
modification of the properties of the lipid vesicles, or into a means of packaging the 
mixed formulation. 

'fliis embodiment is further illustrated by the following discussion. First, the 
aqueous and lipid phases are prepared and healed to the proper temperatures. An 
exemplar}' aqueous phase may be sterile water, a physiological saline solution, a buffer 
solution^ an aqueous carbohydrate solution, deuteratcd water, or other isotopic forms of 
H2O , buffered solutions of organic acids and bases, and the like, or any combination 
thereof In addition, the aqueous phase may also contain a water soluble organic 
solvent such as by way of illustration and not limitation, polyhydric alcohols including 
glycerin, propylene glycol, polypropylene glycol, tricthylene glycol, polyethylene 
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glycol, dielhylene glycol monoethyl ether, etc.; alcohols such as benzyl alcohols, etc.; 
ethers; ketones; esters and glycerin esters such as nionoacctin. diacetin, 
glycerophosphoric acid, etc; and various aromatic and aliphatic hydrocarbons 
including fluorocarbons. Typically the aqueous phase will consist of about 75 to 
99\\'i% sterile water, preferably about 85 to 98\vt%. 

An exemplary lipid phase may consist of, by way of illustration and not 
limitation, phospholipids such as phosphatidyl chlolines, lysophosphatidyl chlolines, 
phosphatidyl serines, phosphatidyl cthanolamines, phosphatidyl inositols, cardiolipin, 
and sphingomyelin; natural phospholipids such as egg yolk lecithin, soybean lecithin, 
and soybean oil based phospholipids; glycolipids, diall:yl-typc synthetic surfactants; 
polar lipids and neutral lipids; fatty acids; and the like. In addition, the lipid phase 
may also contain materials such as slearylamine, phosphatidic acid, dicctyl phosphate, 
tocopherol, cholesterol, lanolin extracts propylene glycol, polyethylene glycol, 
polypropylene glycol, glycol ethers, ethanol, and the like. Typically the lipid phase 
will consist of about 5 to 20 weight percent of a phospholipid, preferably about 

8 to 12vvt%. The lipid phase typically contains an active agent in the amount of about 
0.01 to 35wi%, more preferably about 2 to 25wt%. However, it is understood that 
lipid vesicles can be manufactured without any active agent contained therein, if 
desired. 

It may be desirable to prepare the aqueous phase in an amount in excess of 
that needed to produce the desired formulation. This excess allows for the 
stabilization of the temperatures of the manifolds, precise metering pumps, along with 
the pre-niixer and in-line mixer assembly. Typically, one may produce the aqueous 
phase in an amount equal to I to 3, more tj'pically 1 .4 to 2 times the amount required 
for the formulation. On the other hand, the lipid phase is produced in an amount 
approximate to that amount needed to produce the desired formulation. 

Once prepared, the lipid phase is placed in one storage means and the aqueous 
phase is placed in another storage means, llicse fonnulations are only provided to 
exemplify the methods of the invention and are not intended to be limiting in any 
manner. It is exf)ecied that the method and apparatus described herein will work with 
any liposomal formulation that is desired to be produced, with the same results as 
described herein. 
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This instant invention also relates to lipid vesicles produced by (lie method and 
apparatus described herein. Accordingly, the invention contemplates lipid vesicles, 
cither niiiitilarnellar, oligolamellar or unilamellar, produced by the various apparatus 
embodiments described above. In a similar manner, the invention comemplates lipid 
vesicles, cither multilamellar, oligolamellar or unilamellar, produced by the various 
method embodiments described above. Any of the aforementioned lipid vesicles can 
further comprise an active agent encapsulated in either the aqueous core of the lipid 
vesicles, within the lipid bilaycr of the lipid vesicles, or both. Of particular interest 
are the active agents ivermectin and diclofenac. 

As recognized by those skilled in the art, while certain materials and 
procedures may give better results, the use of particular materials and procedures are 
not critical to ihc invention and optimum conditions can readily be determined using 
routine testing. In addition, the invention also contemplates the inclusion of 
additional materials in the formulations to facilitate drug delivery, formulation 
stability, and so forth. For example, some liposome fomiulations may acquire a gel- 
like consistency upon cooling to room temperature in the absence nf any adjuvants. 
Accordingly, conventional thickeners imd gelling agents would be added to provide a 
preparation having the desired consistency for topical application. Additionally, a 
preservative or antioxidant often will be added to the preparation. 

The amount of active agent to be included in the liposomal preparation is not, 
per sc, critical and can vary within wide limits depending upon the intended 
application and the lipid used. The level oflhe active agent in the fmal lipo.somal 
formulalion of tiie invention can var)' within the fiill range employed by those skilled 
in the art, e.g., from about 0.01 to 99.99vvt% of the active agent based on the total 
formulation and about 0.01 -99.99wt% carrier, etc. More typically, the active iigent 
wnW be present at a level of about 0.01 -80\\4%. Preferably, the active agent may be 
included in an amount of between about 0.01 to \0\v\% of the liposomal preparation 
and more preferably may be included in an amount of about 0.01 to 7wt%. 

In employing the active agent-liposomc formulation produced with this 
invention for phatTnaccutica! use, any phannaceutically acceptable mode of 
administration can be used. For example, products can be made to suit any accepted 
systemic or local route (^f administration such as are well known in the art, for 
example, via parenteral, oral (particularly for infant formulations), intravenous, nasak 
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bronchial inhalation (i.e., aerosol formulation), iransdermal or topical routes, in ihe 
form of solid, semi-solid or liquid or aerosol dosage forms, such as, for example, 
tablets, pills, capsules, powders, liquids, lotions, solutions, emulsion, injeciahles, 
suspensions, suppositories, aerosols or Ihe like. Tlie formulations produced by the 
invention can also be manufactured as sustained or controlled release dosage fomis. 
including depot injections, osmotic pumps, pills, transdermal (including 
electrotran.sport) patches lotions, creams and the like, for the prolonged administration 
of the active agent at a predetermined rate, preferably in vmit do.sagc forms suitable 
for single administration of precise dosages. The formulations will include a 
conventional pharmaceutical ly acceptable carrier or excipient and the active agent 
and, in addition, may include other medicinal agents, pharmaceiuical agents, earners, 
adjuvants, etc. Carriers can be selected from the various oils, including those of 
petroleum, animal, vegetable or synthetic origin, for example, peanut oiL soybean oil, 
mineral oil, sesame oil, and the like. Water, saline, aqueous dextrose, and glycols arc 
preferred liquid carriers, particuhirly for injectable solutions. Suitable pharmaceutical 
excipients and can iers also include starch, cellulose, laic, glucose, lactose, sucrose, 
mannitoL gelatin, povidone, malt, rice, flo\ir, chalk, silica gel, magnesium stearaie, 
sodium stearatc, glycerol monostearate, magnesium carbonate, sodium chloride, 
sodium saccharine, croscarmellose sodium, dried skim milk, glycerol, glycols such as 
propylene glycol, polyethylene and polypropylene glycols and their derivatives, 
esters, salts and combinations of glycols and other fatty alcohols or acids, water, low 
molecular weight alcohols such as ethanol, propanol, and the like. 

The fonnulations of the invention also preferably contains an antioxidant such 
as, by means of illustration and not limitation, tocopherol, more specifically Vitamin 
E (a-locopherol), tocopherol derivatives, butylated hydroxyanisole, and but\'lated 
hydroxytolucne. Other suitable pharmaceutical carriers and their formulations are 
described in "Remington's Pharmaceutical Sciences" by H. W. Martin. 

If desired, the liposome formulation may also contain minor amounts of non- 
toxic auxiliary substances such as wetting or emulsifying agents, pi I buffering agents 
and the like, such as for example, sodium acetate, sorbitan monolaurate, 
trielhanolamine oleate, etc. 

Another aspect of the invention pertains to an improved method of producing 
compositions of matter such as emulsions, ointments and creams using the methods 
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and apparatus described lierein. The metliod and apparatus described above fur the 
production of lipid vesicles are readily modified by one of skill in the art to produce 
any of a variety of other compositions by modifying the starling components and the 
process parameters. Such compositions can also be formulated to include a payload. 

Emulsions are two-phase systems in which one liquid is dispersed through 
another liquid in the fonn of small droplets. When oil is the dispersed phase and an 
aqueous phase is the continuous phase, the system is designated as an oil-in-watcr 
("O/W") emulsion. Conversely, where water or an aqueous solution is the dispersed 
phase and oil or oleaginous material is the continuous phase, the system is designated 
as a waier-in-oil C'W/O") emulsion. Accordingly, emulsions can readily be produced 
by using an aqueous phase, optionally containing a surfactant, and an oil phase, 
optionally containing various other ingredients and cxcipicnts as a second phase. 

Ointments are semisolid preparations that are intended for external application 
to the skin nr mucous membranes. They are generally recognized as oleaginous bases 
containing petrolatum. Such ointments can readily produced by the method and 
apparatus described herein using a viscous thixotropic phase as a first phase and a non- 
viscous oil phase as a second phase. 

Creams are viscous liquid or semisolid emulsions, and can also be designated 
as OAV or W/O. These can be formulated, or example, by using an emulsion phase 
and an aqueous phase. 

Each of the patent applications, patents, publications, imd other published 
documents mentioned or referred to in this specification is herein incorporated by 
reference in its enth-ety. to the same extent as if each individual patent application, 
patent, publication, i\nd other published document was specifically and individually 
indicated to be incorporated by reference. WhWt tlic present invention has been 
described with reference to the specific embodiments thereof, it should be understood 
by those skilled in the art that various changes may be made and equivalents may be 
substituted without departing from the tnic spirit and scope of the invemioii and the 
appended claims. In addition, many modifications may be made to adapt a particular 
situation, material composition of matter, process, process step or steps, to the 
objective, spirit and scope of the present invention. All such modifications are 
intended to be within the scope of the claims appended hereto. 
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CLAIMS 

Whai is claimed is: 

1 . An apparatus for the continuous production of lipid vesicles by in-line mixing*, 
said apparatus comprising: 

(a) a lipid phase storage means capable of being maintained at a sei 
tcmpernnire and a first pressurized transfer means for transferring the lipid 
phase from the storage means; 

(b) an aqueous phase storage means capable of being maintained at a 
set temperature and a second pressurized transfer means for transferring the 
aqueous phase from the storage means; 

(c) a mixing device comprising: a fust metering system for receiving 
tl)e lipid phase from the First pressurized Transfer means; a second meterini; 
system for receiving the aqueous phase from the second pressurized transfer 
means; a pre-mixing system for preparing a pre-mixed formulation; a third 
pressurized transfer means for transferring die lipid phase from the first 
metering system to a first inlet orifice on the pre-mixing system and a fourth 
pressurized transfer means for trimsferring the aqueous phase from the second 
metering system to a second inlet orifice on the pre-mixing system; a mixer 
for preparing a mixed formulation comprising Hpid vesicles, having a mixing 
chamber and an optional means for determining the optical properties of the 
mixed formulation; a means for transferring the pre-mixed formulation from 
the outlet orifice of the pre-mixing system to the mixing chamber; and an 
optional means for applying ultrasonic energy to the pre-mixing system, the 
mixing chamber or both; and 

(d) a dispensing means for transferring the mixed formulation fi-om the 
mixing chamber into a storage chamber. 

2. The apparatus of Claim 1 wherein said lipid vesicles are multilamellar or 
olicolamellar. 

3. The apparatus of Claim 1 wliich further comprises a means for 
homogenizjilion or sonication located between the dispensing means and the 
storage chamber. 

4. The apparatus of Claim 2 wherein said lipid vesicles are unilamellar. 
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5. The apparalus of Claim 1 wherein the lipid phase comprises an active agent. 

6. The apparaiiLs of Claim 1 wherein the hpid pliase storage means is capable of 
being maintained at a set temperature hy a first temperature control means and 
the aqueous phase storage means is capable of being maintained at a set 

5 temperature by a second temperature control means. 

7. The apparatus of Claim 6 wherein said lipid phase storage means is 
maintained at a temperature witliin the range of about 20 to 80°C. 

8. The apparatus of Claim 6 wherein said aqueous phase storage means is 
maintained at a temperature within the range of about 20 to SO'^C. 

iO 9. The apparatus of Claim 1 wherein the means for determining the optical 

properties of the mixed formulation' is configured so as to control the first and 
second temperature control means and the first and second metering systems. 
JO. The apparatus of Claim 1 which fuiihcr comprises additional storage means 
for a second lipid phase, a pre-mixed lipid phase-aqueous phase mixture or a 
1 5 pre-formed lipid vesicle phase. 

1 1 . Tlie apparatus of Claim 1 wherein the lipid phase and aqueous phase storage 
means further comprise means for replenishing the lipid and aqueous phases. 

12. The apparatus of Claim 1 which operates under pressures within the range of 

about 10 to 90 psia. 

20 13. The apparatus of Claim 1 wherein the fluid flow rate of the lipid phase is 

about 3 to 200 cm^/sec and the fluid flow rate of the aqueous phase is about 5 
to 300 cm Vsec. 

14. The apparatus of Claim 1 wherein the mixer is a static mixer. 

40 

1 5. The apparatus of Claim 14 wherein the static mixer is a laminar division type 
25 inline mixer. 



1 6. The apparatus of Claim 1 wherein the mixer further comprises a means for 
controlling tlie temperature of the mixing chamber. 

1 7. Tlic apparatus of Claim 1 6 wherein the means for controlling the temperature 
of file mixing chamber maintains the temperature of the chamber within the 

50 30 rangcofabout20to80°C. 
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18. TJie apparatus of Claim 1 wherein the mixer further comprises a meajis far 
controlling the degree and rate of mixing within the mixing chamber. 

19. The apparatus of Claim 1 wherein the storage chamber is pan of a packaging 
machine. 

5 20. The apparanis of Claim 1 wherein the dispensing means further comprises a 
means for controlling the rate at which the fomiulation is transferred from the. 
mixing chamber into the storage chamber. 

21. The apparatus of Claim 1 wherein the mixing device further comprises a 
means for controlling the temperature of the device. 

10 22. The apparatus of Claim 21 wherein the device is maintained at a temperature 
20 within the range of about 20 to 8()°C. 

23. 7'hc apparatus of Claim 1 wherein each metering system compri.ses a precise 
metering pump and a manifold. 

25 24. The apparatus of Claim 23 wherein each pump and manifold have a pluraiii)- 

15 of inlet and outlet means, where each pump inlet means communicates with a 

manifold outlet iTicans and each pump outlet means communicates vwth a 
manifold inlet means; where each pump inlet means is 90° out of phase with 
the preceding pump inlet means and the successive pump inlet means, cind the 
manifold further comprises a manifold outlet orifice and a manifold inlet 
20 orifice. 

25. Hie apparatus of Claim 24 wherein the inlet orifice of a first manifold is in 
coinmunication with the first pressurized transfer means and the outlet orifice 
of a first manifold is in communication with tlie third pressurized transfer 
means, the inlet orifice of a second manifold is in communication with the 

25 second pressurized irimsfer means and the outlet orifice of a second manifold 

is in communication with the fourth pressurized transfer means. 

26. Lipid vesicles produced by the apparatus of Claim 1 . 

27. The lipid vesicles of Claim 26 wherein said lipid vesicles are multilamellar or 
oligolamellar. 
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28. The lipid vesicles of Claim 27 which iiirlher comprise an active agenl 

encapsulated in the aqueous core of said vesicles, within the lipid bilayer of 
said vesicles, or encapsulated in the aqueous core and within the lipid hi layer 
of said vesicles. 



5 29. The lipid vesicles of Claim 28 wherein said active agent is selected from the 
group consistini: of ivermectin and diclofenac. 

30. Lipid vesicles produced by the apparatus of Claim 3. 

31. The lipid vesicles of Claim 30 wherein said lipid vesicles are unilamellar. 

32. The lipid vesicles of Claim 31 which further comprise an active agent 

10 encapsulated in the aqueous core of said vesicles, within the lipid bilayer of 

20 said vesicles, or encapsulated in the aqueous core and within the lipid bilayer 

of said vesicles. 

33. The lipid vesicles of Claim 32 wherein said active agent is selected fi-om the 
25 group consisting of ivermectin and diclofenac. 

1 5 34. A mctliod for the continuous production of lipid vesicles by in-line mixing, 
said method comprising: 

(a) preparing a lipid phase and storing the lipid phase in a first storage 
means that is maintained at a set temperature; 

(b) preparing an aqueous phase and storing the aqueous phase in a 
20 second storage means that is maintained at a set temperature; 

35 (c) combining the lipid and aqueous phases by means of a mixing 

device having first and second metering systems, a pre-mi.\ing system and a 
mixer, by: transferring the lipid phase from the first storage means to the first 
metering system by a first pressurized transfer means and transferring the 

40 

25 aqueous phase from the second storage means to the second metering system 

by a second pressurized transfer means; transferring Uie lipid phase from the 
first metering system to a first inlet orifice in the pre-mixing system by a third 
^5 pressurized transfer means and transferring the aqueous phase from the second 

metering system to a second inlet orifice in the pre-mixing system by a fourth 

30 pressurized transfer means; wherein tlie lipid phase and aqueous phases are 

transferred to the pre-mixing system with a high velocity creating turbulent 

50 
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flow; combining the lipid and aqueous phases in ihe prc-mixing system by 

5 

shear mixing under conditions to insure that the lipid phase becomes fully 
hydrated by the aqueous phase to form a pre-mixed formulation; and 
transferring the pre-mixed formulation from an outlet orifice of the pre- 
10 5 mixing system to tiie mixer; 

(d) forming a mixed formulation containing lipid vesicles, in the mixer 
by causing the pro-mixed formulation to traverse the mixer; 

(e) optionally measuring the optical properties of the lipid vesicles; and 

15 

(0 dispensing the mixed formulation from the mixer into a storage 
10 chamber, into a means for further modification of the properties of the lipid 

vesicles, or into a means of packaging the mixed formulation. 

20 35. TTie method of Claim 34 wherein said lipid vesicles are multilamellar. 

36. The method of Claim 34 which further comprises a homogcnization or 
sonication step after the dispensing step. 

25 15 37, The method of Claim 36 wherein said lipid vesicles arc unilamellar. 

38. The method of Claim 34 wherein the lipid phase comprises an active agent. 

39. The a method of Claim 34 wherein said first storage means is maintained at a 
30 temperature within the range of about 20 to 80°C. 

40. The method of Claim 34 wherein said second storage means is maintained at a 
20 temperature within the range of about 20 to 80°C. 

3^ 41 . The method of Claim 34 wherein the step of measuring optical properties is by 

means of an optical transmission sensing device using a photoresistor or 

phototransistor, which provides a control signal to a controlling computer or 

other process control device. 
40 ^ 

25 42. The method of Claim 34 which further comprises the addition of a second 

lipid phase, a pre-mixed lipid phase-aqueous phase mixture or a pre-formed 

lipid vesicle phase. 
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43. The method of Claim 34 wherein the first and second storage means arc 
continuously replenished with the lipid and aqueous phases, respectively. 
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44. The method of Claim 34 wherein the pressures are within ihc range of about 
10 to 90 psia. 

45. The melhod uf Claim 34 wherein the fluid flow rate of the lipid phase is about 
3 10 200 cmVsec, and the fluid flow rate of the aqueous phase is about 5 to 300 
cmVsec. 

46. The melhod of Claim 34 wherein mixer is maintained at a temperature within 
the range of about 20 to KO°C. 



47. The method of Claim 34 wherein each metering system comprises a precise 
metering pump and a manifold, where each pump and manifold have a 

10 plurality of inlet and outlet means, each pump inlet means communicates with 

20 ** manifold outlet means and each pump outlet means communicates with a 

manifold inlet means, and the manifold funhcr comprises a manifold outlet 
orifice and a manifold inlet orifice; the method further comprising: 

transferring the lipid phase to the inlet orifice of a first manifold by the 
1^ first pressurized transfer means and simultaneously transferring the aqueous 

phase to the inlet orifice of a second manifold by the second pressurized 
transfer means; 

3^ transferring the lipid phase from llie plurality of outlet means of the 

first manifold to tlic plurality of inlel means of a first pump and 
20 simultaneously transferring the aqueous phase from the plurality of outlet 

means of tlie second manifold to the plurality of inlet means of the second 
35 pump; 

transferring the lipid phase from the plurality of outlet means of the 
first pump to the plurality of inlet means of the first manifold and transferrina 
25 the aqueous phase from the plurality of outlet means of the second pump to the 

plurality of inlet means of the second manifold; and 

transferring the lipid phase from the outlet orifice of the first manifold 
by the third pressurized transfer means and simultaneously transferring the 
^5 aqueous phase from the outlet of the second manifold by the fourth 

30 pressurized transfer means. 

48. The melhod of Claim 47 wherein the lipid phase and aqueous phases are 
50 iransferred to the pre-mixcr a precise ratio. 
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49. The method of CI aim 47 wherein tiie hpid phase and aqueous phases are 
transferred to the pre-mixcr in a near pulse- less flow. 

50. Lipid vesicles produced by the mtilhod of Claim 34. 

51. The lipid vesicles of Claim 50 wherein said lipid vesicles are multilanicliar or 
oligolamellar. 

52. The lipid vesicles of Claim 5 1 which further comprise an active agent 
encapsulated in the aqueous core of said vesicles, within the lipid bllaycr of 
said vesicles, or encapsulated in the aqueous core and within the lipid bilayer 

of said vesicles. 



10 53. Tlie lipid vesicles of Claim 52 wherein said active agent is .selected from (he 
20 y.r()up con.si<?ting of ivermectin and diclofenac. 

54. Lipid vesicles produced by the method of Claim 46. 

55. Tlie lipid vesicles of Claim 54 wherein said hpid vesicles are unilamellar. 

56. llie lipid vesicles of Claim 55 which further comprise an active agent 
1 5 encapsulated in the aqueous core of said vesicles, widiin the lipid bilayer of 

said vesicles, or encapsulated in the aqueous core and within the lipid bilayer 
of said vesicles. 

57. The lipid vesicles of Claim 56 wherein said active agent is selected from the 
group consisting of ivermectin and diclofenac. 
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